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EXPERIMENTAL EMPHYSEMA
SARAH R. KELMAN, M.D.
IOWA CITY
In the recent epidemic of influenza and bronchopneumonia, among
the S. A. T. C. at the Iowa State University, there were about 1,100
cases with thirty-three fatalities. Of these, twenty came to necropsy.
One of the most striking and constantly present postmortem find-
ings in these cases was a marked vesicular and interstitial emphysema.
The vesicular emphysema was mainly marginal, but large emphysemat-
ous bullae were quite frequently observed subpleurally. The apices of
both lungs, especially the upper lobes, were involved. In many cases
superficial distended air vesicles ruptured and allowed an escape of air
subpleurally, giving the lung a beaded appearance. The roots of the
lungs were also quite commonly involved.
The interstitial emphysema involved mainly the anterior and pos-
terior mediastinum, the layers of the pericardium and pericardial fat,
the retroperitoneal and especially the perirenal tissues. The absence
of inflammation and our inability to find organisms in stained prep-
arations of these tissues, proved to us that the emphysema was not
due to a gas bacillus infection. The interstitial emphysema was so
uniformly present that we were at first inclined to consider it an
artefact. But increased care in the handling and removal of the vis-
cera, the absence of this phenomenon in cases that terminated fatally
from causes other than influenza, and the location of the emphysema
soon convinced us that this was not the case. The duration of illness
in these cases varied from five to fourteen days, and the amount of
lung involvement varied from a few bronchopneumonic patches with
marked pulmonary edema to complete consolidation of all the lobes of
both lungs, so that the vesicular emphysema could not be considered
compensatory in nature in every case. Dyspnea and cyanosis, were
very prominent and constant symptoms, and in most cases altogether
out of proportion to the amount of lung involvement.
These questions presented themselves :
1. How did air get into the mediastinal and retroperitoneal tissues?
2. What caused the unusual acute vesicular emphysema?
From the Department of Pathology and Bacteriology, College of Medi-
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3. What was the cause of the marked dyspnea and cyanosis?
4. What relation, if any, was there between the dyspnea and
cyanosis and the emphysema?
The object of the studies recorded in this paper was to reproduce
experimentally (in laboratory animals, chiefly rabbits) the essential
conditions obtained in the influenza cases and thus, perhaps, find an
answer to these questions.
As there was no doubt in our minds that the emphysema in the
interstitial tissues was due to an escape of atmospheric air from the
lung, we performed the following experiments to determine the path
by which such escape took place :
Experiment Series No. 1.—Rabbits were killed with ether. A tracheotomy
was then performed and a glass tube connected by means of rubber tubing to
a bicycle pump was ligated into the trachea. The pressure used varied from
10 to 15 mm. of mercury.
RIA was inflated by pumping six times in rapid succession. The abdomen
became very tight and when opened there was an escape of air. The pump¬
ing was repeated and the path of the air observed. With each pumping the
air could be seen to fill up the retroperitoneal tissues from above downward
and then into the perirenal fat and thighs. The chest was then opened. The
sternum was carefully removed causing as little disturbance as possible in
the tissues of the anterior mediastinum, to prevent a break in their continuity.
There was marked emphysema in the tissues of the anterior, superior and
posterior mediastinum and about the loose areolar tissue of the pericardium.
The lungs were markedly emphysematous, especially about the margins and
at the roots. The chest cavity was then filled with normal salt solution and
the pumping resumed. The air could then be observed escaping at the root
of the lung in the vicinity of the great vessels and the pleural reflexion.
It is noteworthy that with the chest opened, no air could be forced down
below the diaphragm. Presumably with the chest cavity opened the pressure
was insufficient to force the air downward. Also a new path of least resist¬
ance was created with opening up the chest, namely, externally.
R2A, 3 A and 4 A were similarly treated, except that the number of
insufflations was increased and the interval between decreased. The results
were the same as for RIA because a limit is reached beyond which increased
pumping produces no further change.
An attempt to photograph some of these animals illustrating the emphysema,
proved unsuccessful because of high lights and numerous other technicalities.
Most of the air escaped as soon as the continuity of tissues was broken and
an avenue of escape thus afforded. Being anxious to secure a photograph we
tried out another procedure.
R9A was killed and tracheotomized in the same way. Its abdomen was
then opened and the entire animal immersed in 10 per cent, liquor formal¬
dehyde ; then he was pumped continually for an hour and fifteen minutes. Our
object was to secure fixation of the tissues before the air had a chance to
 escape. We then opened the chest enough to allow the liquor formaldehydi
to enter in order to secure fixation of the thoracic viscera. The animal remained
in this solution for two days.
The result was somewhat disappointing, for while there was some emphy¬
sema about the great vessels, especially in the region of the kidneys and in
the thighs, the amount was negligible as compared with what had been
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obtained in the previous animals. The explanation here is probably the same
as given for the animal with the opened chest, namely, insufficient pressure,
the abdomen having been opened.
Before discussing the route taken by the air in reaching the inter¬
stitial tissues, it might be well to review the anatomy of the reflexions
of the pleura and pericardium.1
The constituent parts of the root of the lung are (1) the two pul¬
monary veins, (2) the pulmonary artery, (3) the bronchus and (4)
one or more small bronchial arteries and veins, the pulmonary lymph
vessels and some bronchial glands. Above the root of the lung the
Fig. 1.—Relation of pleura, pericardium and blood vessels illustrating the
direct path of the early interstitial emphysema in pericardial fat tissue.
left mediastinal pleura is applied to the arch of the aorta and the
phrenic and vagus nerves, to the left innominate veins, to the left
superior intercostal vein and the left common carotid and subclavian
arteries, to the esophagus and thoracic duct. The right mediastinal
pleura, on the other hand, is applied above the root of the lung to the
superior part of the vena cava superior and to the right innominate
vein, to the innominate artery, to the vena azygos, as it hooks forward
above the bronchus, to the vagus and phrenic nerves and to the right
side of the trachea. The fibrous pericardium at its apex and pos¬
teriorly is gradually lost on the great vessels which enter and emerge
1. Cunningham's Anatomy.
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from the heart, giving sheaths to the aorta, the two branches of the
pulmonary artery, the superior vena cava, the four pulmonary veins
and the ligamentum arteriosum.
This review will aid in mapping our route.
Fig. 2.—Emphysematous paths in relation to the pleurae, pericardium andperitoneum.
First, a vesicular emphysema is produced. Increased intrapul-
monary pressure causes rupture of some of the superficial distended
air vesicles and there is an escape of air underneath the visceral pleura,
which is rather firm. The air finds less resistance in escaping under¬
neath the pleura toward the hilus than to break through it. From the
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hilus it travels along the pleural reflexions over the pulmonary arteries
and veins to where it meets the pericardial reflexions over the same
vessels (Figs. 1 and 2) the tissues of the anterior mediastinum,
especially the pericardium and pericardial fat, thence it extends to
the superior mediastinum and following the course of the great vessels
enters the posterior mediastinum and passes downward into the retro¬
peritoneal tissues—the perirenal tissues being most commonly invaded ;
it then enters the folds of the omentum, the region of the great vessels
and downward into the thighs. Superiorly, some of the air follows
the subclavian vessels and enters the axillary space.
Fig. 3.—Rabbit 10 A. Acute vesicular emphysema following artificial con¬
vulsions. Killed forty-eight hours later.
Berkley and Coffen2 report nine cases of extensive subcutaneous
emphysema and spontaneous pneumothorax as a complication of influ¬
enzai bronchopneumonia. In their cases the emphysema involved the
supraclavicular and infraclavicular spaces, neck, face, arms, chest,
trunk, genitalia and thigh. They discuss two possible routes, the intra-
pleural and the extrapleural. They state that in order for air to pass
from the lungs to the chest wall by the intrapleural route, it must pass
through both visceral and parietal pleura. To do so, without pro¬
ducing a pneumothorax, it must be assumed that adhesions existed
2. Berkley, Hugh K., and Coffen, T. Homer : Generalized Interstitial
Emphysema and Spontaneous Pneumothorax as Complications of Broncho-
pneumonia, J. A. M. A. 72:535 (Feb. 22) 1919.
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between these membranes at some area, and that the passage of air
occurs at this point. At necropsy this seemed the possible route in
only one of their cases. They then came to the conclusion that the
extrapleural route, as we explained above, is the route taken.
In our experimental cases the intrapleural route is entirely out of
the question, as there were no adhesions found at any time. Symmers3
in discussing the acute vesicular emphysema in post influenzai broncho-
pneumonia reports three cases of interstitial emphysema. In two cases
the soft tissues of the supraclavicular spaces were crépitant with infil-
Fig. 4.·—Rabbit 5 A. Interstitial emphysema in the tissues of the anterior
mediastinum following artificially produced convulsions. Killed thirty min¬
utes after last convulsion.
trated air; in another case the soft tissues of the posterior aspect of
the mediastinum were permeated by myriads of emphysematous bullae
varying in size from the head of a pin to that of a small marble, air
extended thence into the soft tissues of the precordial area downward
to the pericardial attachment to the central tendon of the diaphragm,
forward into the retrosternal region and thence through the upper
apertures of the thorax into the neck and lower portions of the face,
downward into the subcutaneous tissues as far as the crest of the
3. Symmers, Douglass: The Pathologic Similarity of the Pneumonia of
Bubonic Plague and Pandemic Influenza, J. A. M. A. 71:1482 (Nov. 2) 1918.
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ilium and the lower level of the costal slope on the right. However,
he assumes that the interstitial emphysema was due in the first two
instances to a rupture of an emphysematous bulla near the apex of
the lungs, thus taking the intrapleural route; in the third case the
assumption is that an emphysematous bulla ruptured near the root of
the lung. In neither case does he mention the presence of any adhe¬
sions, nor was he able to find the point of rupture at the necropsy. In
his fourth case there was a spontaneous pneumothorax, which was
most likely caused by a rupture of a distended vesicle, the air breaking
through the visceral pleura.
Fig. 5.—Rabbit 5 A. Acute vesicular emphysema.
In our experimental cases we were at no time able to produce an
emphysema above the clavicles. This may be explained in two ways—
either by a difference in the anatomy between the human and the
rabbit, or by a break in continuity of tissues due to the tracheotomy
wound.
Experimental Series No. 2 had for its object the production of artificial
emphysema in living animals and observing its effect on them.
A catheter was connected with a bellows ; this catheter was inserted into
the trachea and the bellows pumped in such a way as to produce a definite
number of respirations per minute, to imitate convulsions, varying in number,
as nearly as possible, each convulsion consisting of three respiratory seizures(Table 1).
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TABLE 1.—Results of Attempts to Produce Artificial Emphysema
in Living Animals
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25 in 20 75
sec.
6A 25 in 20
sec.
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8A
10A
HA
12A
25 in 20
sec.
25 in 20
sec.
25 in 20
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25 in 20
sec
25 in 20
sec.
75
75
75
75
75
30 sec.
15 sec.
first
series,
30 see.
second
two
series
30 sec.
30 see.
8-12
mm.
Hg.
8-12
mm.
Hg.
5 min.
5 min.
2
mm.
2
mm.
2
mm.
2
mm.
2
mm.
Four minutes after last artificial respira¬
tion, respirations are fifty-eight per min¬
ute, deep and labored: ears show cyanosis.
Killed thirty minutes after last convul¬
sion. Marginal emphysema; interstitial
emphysema in anterior and superior medi¬
astinum and about the pericardium
Twenty minutes after last inflation the
respirations are irregular, Cheyne-Stokes
in character, 128 per minutes. Cyanosis of
ears, mouth and about eyes. Ten minutes
later respirations are 108, otherwise condi¬
tion as above Animal seems very thirsty.
Forty minutes later killed. Marked mar¬
ginal vesicular emphysema; interstitial
emphysema in anterior and posterior
medastinum, about the pericardium in the
perirenal tissues in the left side, in the
retroperitoneal tissues, along the aorta on
the right side, same in the omentum
Respirations were jerky ten minutes after
convulsions. Killed twenty minutes after
last convulsion. Marginal emphysema,
interstitial emphysema about the pericar¬
dium
Between intervals the respirations varied
from 58 to 115, were quite irregular andjerky, Cheyne-Stokes; sometimes sterter-
ous in character; cyanosis. Killed twenty
minutes after last artificial respiration.
Marked marginal vesicular emphysema.
No interstitial emphysema.
Two hours after last convulsion, marked
cyanosis, irregular respirations. Killed
forty-eight hours later with one blow so
as to avoid a struggle. Emphysema very
marked on the margins and at root of
lung; some interstitial emphysema about
pericardium, otherwise lungs are normal
Respirations between seizures irregular,jerky and Cheyne-Stokes in character.Cyanosis. The animal apparently com¬
pletely recovered in twenty-four hours.
Killed five days later by a single blow to
avoid a struggle. Very slight marginal
emphysema
Symptoms as above. Animal completely
recovered in twenty-four hours. Killed six
days later. Only very slight marginal
emphysema
From Table 1 it will be observed that acute vesicular emphysema
can be induced by artificial means (Figs. 3 and 4), that such an
emphysema in itself is sufficient to produce dyspnea and cyanosis.
According to Torrey and Grosh4 the pulmonary emphysema interferes
with the mass movement of the venous blood thus producing dyspnea
and cyanosis.
It will also be noticed that the amount of interstitial emphysema
was entirely dependent on the pressure used (Fig. 5). Where a
4. Torrey, Robert G., and Grosh, Lawrence C.: Acute Pulmonary Emphy-
sema Observed During the Epidemic of Influenzal Pneumonia at Camp Han-
cock, Am. J. M. Sc. 157:170 (Feb.) 1919.
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pressure of from 8 to 12 mm. of mercury was used, the air was forced
into the mediastinal and retroperitoneal tissues. On the other hand,
where the pressure was only 2 mm. of mercury, two or three times
the number of so-called convulsions was not sufficient to force much
air into the interstitial tissues.
The factors producing the emphysema having been removed the
animal recovers within a short time, the air being almost completely
absorbed in from six to eight days (Fig. 6).
Fig. 6.—Rabbit 11 A shows almost complete disappearance of the emphysema
six days after artificial convulsions were produced.
Experiment Series No. 3.—In the above experiment we found that emphy¬
sema will produce respiratory distress (dyspnea and cyanosis). Next we
attempted to produce respiratory distress to determine if it in turn will pro¬
duce emphysema.
R13 A was sensitized with 0.001 c.c. of egg white. Seventeen days later
Wz c.c. of egg white was injected intravenously. The animal had a violent
convulsion two minutes after the injection, another one five minutes later and
died in convulsions ten minutes after injection.
The postmortem findings were some marginal emphysema and a small
amount of interstitial emphysema about the pericardium and at the root of
the lungs (Figs. 7 and 8).
R14 A was sensitized with Va c.c of sheep serum. Seventeen days later
2 c.c. of sheep serum were injected intravenously. Three minutes after
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Fig. 7.—Rabbit 13 A. Acute vesicular emphysema following an anaphylactic
shock.
Fig. 8.—A microscopic section from Rabbit 13  .
 
85.
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injection the animal cried out as if in great distress ; this was followed by
a violent convulsion. Eight minutes after injection the animal was dead. The
postmortem findings were marked marginal vesicular emphysema, interstitial
emphysema in the posterior mediastinum and in the pericardial areolar tissues.
R15A was treated the same as R14A. This animal had a violent con¬
vulsion five minutes after and died eight minutes after injection. Postmortem
findings were the same as for R 14 A.
Thus respiratory distress caused by anaphylaxis will produce
emphysema. It is fair to assume that respiratory distress from any
cause will operate in the same way. Acute vesicular emphysema, on
Fig. 9.—Rabbit 23. Vesicular emphysema following injection with influ¬
enza toxin.
the other hand, will cause respiratory distress, in a way, producing a
vicious circle.
Experimental Series No. 4.
—
Our last set of experiments consisted in
inoculating animals with given amounts of broth cultures of B. influenzae(Pfeiffer) or the filtrate of broth cultures.
Out of eighteen rabbits necropsied, fifteen showed varying degrees of vesicu¬
lar and interstitial emphysema (Figs. 9, 10 and 11). Every one of the animals
died in convulsions and marked respiratory distress (Table 2).
Oleate hemoglobin broth, described by Avery5 as a good culture medium
for B. influenzae, was used in every case.
5. Avery, O. T.: A Selective Medium for B. influenzae\p=m-\OleateHemoglobin
Agar, J. A. M. A. 71:2050 (Dec. 2) 1918.
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TABLE 2.—Results of Inoculation with Bacillus Influenzae (Pfeiffer)
Xo.
R7
BIO
Rll
BIS
R12
R5
 18
B19
R21
R23
B25
 2 
R28
R29
R30
Material Injected
Death
after
Injections Postmortem Findings
4 c.c. of influenza 1 hr. and
toxin 20 min.
7 c.c. of influenza 1 hr. and
toxin 30 min.
3 c.c. oleate hemo- : 1 hr. and
globin broth culture \ 40 min.
2 c.c. oleate hemo- i 3 hours
globin broth culture
5 ce. oleate hemo- | 5^ daysglobin broth culture
2 ce. oleate hemo- 12 hours
globin broth culture
4 c.c. oleate hemo- 20 days
globin broth culture
5 c.c. oleate hemo- 5% days
globin broth culture
3 c.c. filtrate
 
5 weeks
4 ce. filtrate 11 days
2 ce. oleate hemo- ¡ 36 hours
globin broth culture
2 ce. oleate hemo- j 29 hoursglobin broth culture after
24 hours later 5 c.c. I first
oleate hemoglobin ' injection
broth culture
5 c.c. salt solution
:
29 hours
suspension
5 c.c. salt suspension 10 hours
5 ce. oleate hemo¬
globin broth culture
10 hours
Congestion of lungs, marked marginal vesicular em¬
physema. Interstitial emphysema in tissues of ante¬
rior mediastinum, especially about pericardium
Marked vesicular emphysema
Some vesicular emphysema
Vesicular emphysema and interstitial emphysemabetween layers of pericardium
Lungs markedly congested, some vesicular emphy¬
sema, some interstitial emphysema about the peri¬
cardium
All lobes of both lungs were markedly congested.
Marginal vesicular emphysema and some interstitial
emphysema about the pericardium(This animal died with symptoms of meningitis. 1
Lungs perfectely normal except for very marked
marginal vesicular emphysema
Lungs slightly congested, marked marginal vesicular
emphysemaSmall pneumonic patches in both lungs. Vesicular
emphysema at the margins and at the root of the
lungs. Considerable interstitial emphysema in the
anterior mediastinum and in the retroperitoneal tis¬
sues along the great vesselsLower lobes of both lungs congested. Marked vesicu¬
lar emphysema. Some emphysema in the tissues of
the anterior mediastinum
Vesicular emphysema along the margins and root of
lungs. Some interstitial emphysema in the medias¬
tinal and retroperitoneal tissues
Hemorrhagic spots varying from 1 to 3 cm. in diam¬
eter are present throughout both lungs. Marginal
vesicular emphysema was present in all lobes of both
lungs. Some interstitial emphysema in anterior
mediastinum about the pericardium
Lungs grossly normal except some marginal vesicular
emphysema and some interstitial emphysema in the
tissues about the pericardium
Lungs slightly congested. Some marginal vesicular
emphysema and some emphysema in anterior medias¬
tinal tissue
Marked congestion of posterior aspects of both lungs.
Vesicular marginal emphysema
From Tables 1 and 2 it will be seen that emphysema, both vesicular
and interstitial, is constantly found postmortem in animals dying after
an injection of the B. influenzae or its toxin, irrespective of the dura¬
tion of the illness or the amount of lung involvement.
We have shown in previous experiments that convulsions alone will
produce acute vesicular emphysema by producing respiratory distress.
But it may be pointed out that respiratory distress alone will not
produce the marked emphysema seen in postinfluenzal bronchopneu-
monia as is shown by pneumonia due to other organisms, where the
respiratory distress is apparently just as great. At first glance it
would appear that we would have to seek an explanation elsewhere.
Torrey and Grosh4 found in their cases a destructive softening in
the lung parenchyma. Alexander and Follet,6 in discussing generalized
6. Alexander, M. E., and Follet, E. C.: Subcutaneous Emphysema with the
Report of Several Cases, Particularly One with Very Extensive Generalized
Emphysema, J. A. M. A. 72:930 (March 29) 1919.
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emphysema in infants, assume that the emphysema is produced by
rupture of some of the pulmonary vesicles by a violent exertion or
coughing fit, this rupture being due to a congenital weakness of the
lung parenchyma. LeCount/ after an exhaustive study of microscopic
sections of postinfluenzal bronchopneumonic lung, finds marked dis¬
seminated necrosis of the alveolar lining as well as of the alveolar
capillaries.
Fig. 10.—Rabbit 19. Showing a bronchopneumonic patch and vesicular
emphysema five and a half days after injection with oleate hemoglobin broth
culture of B. influenzae. X 450.
The evidence cited may account for the discrepancy. However,
the time element must be considered. The respiratory distress in lobar
pneumonia or bronchopneumonia from other causes, appears com¬
paratively late, when a considerable amount of lung has been thrown
out of function, whereas in influenzai infection, dyspnea and cyanosis
are almost coincident with the onset of the disease.
One more point must be brought out. The vesicular emphysema
is invariably superficial, either on the margins where the lung is very
thin, about the root of the lungs, superficially at the apices, or any¬
where on the anterior aspect of the lungs superficially. This brings
in the mechanical factor. The lung alveoli that are placed centrally,
7. LeCount, E. R.: Disseminated Necrosis of the Pulmonary Capillaries in
Influenzal Pneumonia, J. A. M. A. 72:1519 (May 24) 1919.
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are prevented from stretching beyond their limit of elasticity by the
surrounding lung tissue ; the alveoli more superficially placed lack that
support, hence, are the first ones to suffer.
The following explanation seems plausible and fits in with our
experimental work. The toxin of the infecting organism or virus,
whatever that may be, exerts an irritating influence on the respiratory
center, inducing a dyspnea. This assumption is further strengthened
Fig. 11.—Same as Figure 10; more emphysema. X85.
by the fact that in the epidemic of influenza the pulse was compara¬
tively slow, indicating a possible irritation of the vagus centers, in
other words, irritation of the basal ganglia. Dyspnea, as we have
shown above, is sufficient in itself to produce emphysema. It is reason¬
able to suppose that the virus which exerts a toxic action on the respi¬
ratory center, also acts locally. Whether the action is due to loss of
tone, destruction of lung parenchyma, as pointed out by Torrey and
Grosh,4 or a destruction of the lining of the alveoli, as pointed out by
LeCount,7 is difficult to say. There is no doubt that such action, how¬
ever it operates, causes a marked weakening of the alveoli.
Respiratory distress on top of weakened alveoli will greatly aug¬
ment the emphysema. We demonstrated the fact that emphysema in
itself will produce respiratory distress and cyanosis. Experimentally,
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as soon as the cause is removed, the emphysema disappears in from
six to eight days, but in an influenzai infection a vicious circle is
established.
CONCLUSIONS
1. Interstitial emphysema as found in our experiments and in fatal
cases of postinfluenzal bronchopneumonia is a result of escape of air
from the lungs, preceded by a marked vesicular emphysema.
2. The path taken by air escaping from the lung into the tissues is
by way of the root, following the reflexion of the pleura and peri¬
cardium along the great vessels.
3. Marginal vesicular emphysema can be induced artificially by
inducing respiratory distress.
4. Marginal vesicular emphysema as found by our experiments,
is a mechanical process due to insufficient support of the marginal
alveoli and initiated by respiratory distress.
5. Emphysema in itself is capable of producing dyspnea and
cyanosis.
6. Emphysema, both interstitial and vesicular will disappear in
from six to eight days after the cause is removed.
7. Acute vesicular emphysema found in fatal cases of postinfluenzal
pneumonia is probably due to a combination of causes each intensi¬
fying the other.
(a). A toxic action of the virus on the lung parenchyma, causing a
marked weakening of the alveoli.
(b). A toxic action of the virus on the respiratory center produc¬
ing dyspnea and cyanosis, which in itself is sufficient to
produce emphysema.
(c). The emphysema thus produced in its turn, increasing the
dyspnea and cyanosis.
(d). The above factors combined acting on already weakened
alveoli produce the acute vesicular emphysema observed
in postinfluenzal bronchopneumonia.
We desire to acknowledge our indebtedness to Dr. Henry Albert, our chief,
for very valuable suggestions, and to Dr. Henrietta Calhoun of the department
staff, for material aid in handling the animals, assisting with photographs and
making the diagrams, and also to Mr. J. Anderson, the department technician,
who made all the photographs.
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